 respectively. The BMI cutoff of 18.5, 23, 25, 27.5, and 30 kg/m 2 corresponded to BF% of 23.6, 34.3, 38.3, 42.6, and 46.3%, respectively
INTRODUCTION
World Health Organization defines obesity as an abnormal or excessive fat accumulation in adipose tissue leading to serious health consequences such as type 2 diabetes, coronary heart disease (CHD), hypertension, gall bladder disease, and certain cancers. [1] The operational definition of overweight/obesity is based on body mass index (BMI, in kg/m 2 ), which is closely correlated with body fatness. [2] Studies in the past have consistently reported the limitations of BMI in estimating adiposity in individuals, particularly Asian Indians. [3, 4] Asian Indians have a characteristic obesity phenotype, consisting of steeper relationship between BMI and body fat percent (BF%), high abdominal adiposity, and less lean tissue. [3, 5] Excess fat mass (FM) and less fat-free mass (FFM) complement each other in volume and weight so that the value of BMI does not increase. [6] The use of BMI alone to identify individuals needing lifestyle interventions may lead to misclassification of individuals as normal. [7] Expressing the amount of fat mass (FM) in the body as BF% does not reflect nutritional status adequately as two individuals with identical height and FM in the body can have different BF% because of differences in their FFM. [8, 9] Interpretation of data on body composition is appropriate when FM and FFM are expressed in terms of kilograms normalized for stature. These two indices known as fat mass index (FMI, kg/m 2 ) and fat-free mass index (FFMI, kg/m 2 ) have been previously described in adults as an indicator of nutritional status. [10] It is also important to determine the regional distribution of fat within the body, as location of body fat is strongly associated with insulin sensitivity, particularly in Indians. [11] Measure of waist circumference (WC) [12] and waist-to-hip ratio (WHR) [13] have been traditionally used to estimate central adiposity. Recently, potential of waist circumference to height ratio (WC/ ht ratio) [14] for quantification of abdominal obesity has gained importance because of its independent and higher magnitude association with CHD than WC and WHR in Taiwanese type 2 diabetic patients. [15] Studies examining the validity of simple and novel measures of generalized and abdominal obesity in women are lacking. The present study was thus aimed at assessing and comparing the validity of the three simple measures of generalized obesity -(BMI, BF%, and FMI) and central obesity -(WC, WHR, and WC/ht ratio) as indicators of fatness in young Asian Indian women. The study further aimed to predict FFMI, FMI, and BF% ranges for various BMI categories.
MATERIALS AND METHODS

Subjects
The sample was obtained using purposive sampling from a women's college. Informed consent was obtained from all the volunteers. Of the 202 women approached, 200 women agreed to be a part of the study (Response rate: 99%). Data of 17 subjects were not considered for analysis because of one or Key words: Body mass index, body fat percent, fat mass index, waist circumference, waist circumference to height ratio more of the following exclusion criteria-habitual smokers, morbid obesity (BMI > 40 kg/m 2 ), not having regular menstrual cycle, and those suffering from any persistent health problem. Hence, the final sample consisted of 183 healthy young Asian Indian women.
Methods
A questionnaire was administered to elicit information on demographic characteristics, health, lifestyle information, and menstrual cycle of subjects. Height, weight, WC, and hip circumference were measured using standard methodology. [2] A mean of two readings was taken for all anthropometric measurements. The body composition of subjects was measured with TANITA Body Composition Analyzer (TBF-300A, TANITA Corp., Tokyo, Japan) based on leg-to-leg bioelectrical impedance method. Recent studies have shown a strong correlation (r = 0.85-0.95) between values of BF%, FM, and FFM as measured by bioelectrical impedance analysis (BIA) and dual-energy-X-ray-absorptiometry (DEXA). [16, 17] The bioelectrical impedance method has also been validated for Asian Indian men and women. [18] The indices FMI and FFMI were computed from fat mass and fat-free mass obtained by bioelectrical impedance. Waist and hip circumference were used to calculate WHR, while waist circumference and height were used to calculate the WC/ht ratio.
Statistical analysis
Descriptive statistics and percentiles w e r e c o m p u t e d . T h e O n e -S a m p l e Kolmogorov-Smirnov Test was applied to test the variables under study for normal distribution. Pearson correlation coefficient was used to study the relationship between anthropometric measurements and indices of obesity. The validity of simple measures of generalized obesity (BMI, FMI, BF%) and central obesity (WC, WHR, WC/ht ratio) was assessed by their sensitivity, specificity, and positive predictive value (PPV) against BF% (≥30% and ≥35%) and BMI (≥23 and ≥25 kg/m 2 ) as criteria. Further, ranges for FFMI, FMI, and BF% were computed for various BMI categories using polynomial regression. SPSS (Release 10, SPSS Inc., Chicago, USA) and MedCalc (Release 9.4.1.0, Broekstraat 52, 9030 Mariakerke, Belgium) were used for data analysis.
RESULTS
Nearly 93% of the subjects belonged to the states of northern India. Mean age (±S.D.) of the subjects was 19.6 (±1.4) years, and mean BMI (±S.D) was 21.6 (±3.5) kg/m 2 [ Table 1 ]. Variability in FFM (9%) was almost one-fifth the variability in fatness (42%). The 85 th percentile [ Table 2 ] corresponding to the cutoff for overweight of BMI, FMI, and BF% were 25.0, 9.9 kg/m 2 , and 39%, respectively. The 85 th percentile for WC, WHR, and WC/ht ratio corresponded to 78 cm, 0.79, and 0.50, respectively.
All the variables under study were normally distributed; henceforth, parametric tests were applied (data not shown).Pearson's correlation coefficient between FMI and BF% (r = +0.978, P < 0.01) was higher than the correlation between BMI and BF% (r = +0.939, P < 0.01). Amongst the measures of central obesity, both WC and WC/Height ratio had a similar correlation with BF%, (r = +0.894, P < 0.01) and (r = +0.890, P < 0.01), respectively. However, WHR did not correlate well with BF% (r = +0.497, P < 0.01). It was seen that WHR did not show a good correlation with any of the measures of obesity (data not shown). Table 3 shows that FMI gave a higher PPV compared to BMI with both 30% body fat (BF) (94.7% vs. 88.9%) as well as 35% BF (87.9% vs. 76.7%) as criteria used for defining obesity. Amongst the measures of central obesity, WC showed the highest and WHR showed the lowest PPV at both 30% and 35% BF as cutoff. ), FMI=Fat mass index (kg/m [2] ), WC: Waist circumference (cm), WC/ht=Waist circumference to height ratio, WHR=Waist-to-hip ratio Using the polynomial regression models in Figure 1a -d, FFMI, FMI, and BF% ranges were predicted for various BMI categories in these women. The figure shows that a unit change in BMI corresponds to 89.5% variation in BF%, while a unit change in FMI corresponds to 97.9% variation in BF%. 
DISCUSSION
The present study, for the first time, assessed the validity of simple and novel measures of generalized and central obesity in young Asian Indian women. The study also assessed the contribution of FMI and FFMI to BMI and obtained FMI, FFMI, and BF% ranges in subjects in BMI categories (underweight, normal, overweight, and obese). Our study revealed that the variability in fat-free mass in Indian women was one-fifth the variability in fat-mass, indicating a high variation in fatness amongst individuals as compared to the fat-free mass. Different authors have arrived at both 30% and 35% BF for defining obesity in women [3, 5] related to disease risk. In the present study, at 30% BF as criterion for defining obesity, BMI gave a sensitivity and specificity of 97.8% and 88.2%, respectively, at a cutoff of 20.8 kg/m 2 . Another study by Siddhu, using 30% BF as criterion, obtained a similar sensitivity (95.5%) and specificity (85.8%) at BMI of 21 kg/m 2 [19] on women in similar age group. At 35% BF as criterion, BMI cutoff of 22.8 kg/m 2 gave a sensitivity and specificity of 88.5% and 89.3%, respectively, in the present study. The findings of Siddhu's study were similar where a BMI cutoff of 23 kg/m 2 was obtained at 35% BF yielding sensitivity and specificity of 96.8% and 85%, respectively. [19] It was seen that FMI had a higher PPV than BMI at both 30% and 35% body fat as criterion for defining obesity, indicating that FMI helps in correctly diagnosing maximum proportion of women who are obese. Thus, FMI was found to be a better measure of diagnosing generalized obesity in young Indian women compared to BMI, which is primarily an index of weight status rather than adiposity status.
Even using BMI cutoff of 23 and 25 kg/m 2 for defining obesity, FMI showed a higher PPV than BF%, indicating that FMI is better than BF% in correctly diagnosing maximum proportion of women with BMI >23 and 25 kg/m 2 . The BMI cutoff of 23 kg/m 2 gave FMI cutoff of 7.6 kg/m 2 . There were 6.5% women who were in the at-risk category but were misclassified as normal with a BMI cutoff of 23 kg/m 2 . The use of BF% does not adequately reflect nutritional status because FFM automatically decreases in proportion to BF% increase and like BMI, is not an independent index of body fatness. [20] The BF% remains influenced by the relative amount of fat-free tissue in the body weight. Both FM and FFM change with height, weight, and age, making it difficult to determine whether individual subjects have a low or high FM or FFM. The use of FMI and FFMI would thus enable height-independent interpretation of nutritional status, comparison of results between studies in different populations, and the development of body composition percentile tables. [21] From the value of the correlation between FMI and height (r = −0.122), it is possible to calculate the percentage of variation in FMI that is attributable to height using the equation:
In this case, the percentage variation is 0.8%, indicating that the majority of variation in FMI is due to differences in fatness, rather than differences in height. The bias is, therefore, unlikely to have serious implications. Considering that BMI is the sum of FMI + FFMI, the advantage with the combined use of these indices is that one can judge whether the excess of body mass is selectively due to a change in FM vs. FFM or both combined. Across the entire range of BMI values, Asian Indian women have a lower FFMI values and higher FMI values than healthy white Caucasian women. [21] Low FFM has been shown to correlate with increased mortality. [22] A low FFMI is indicative of sarcopenia, muscle wasting, and hence an increased nutritional risk. High FMI can identify subjects with normal BMI at potential risk of elevated FM. Bigaard et al. [23] suggested that BMI represented joint but opposite association of body fat and FFM with mortality. Both high body fat and low FFM are independent predictors of all-cause mortality.
A study by Chen, et al., [24] on Hong Kong Chinese women (41-63 years), reported BF% of 34.8, 35.9, 36.9, and 39.5% at BMI cutoffs of 23, 24, 25, and 28 kg/m 2 , respectively. In another study on Taiwan Chinese women (>20 y old), [25] BMI cutoffs of 23 and 25 kg/m 2 were equivalent to the DEXA body fat of 35% and 38%. Gallagher et al., [26] in a study on black and white women (>50 years), reported mean BMI of 27.0 kg/m 2 in blacks and 23.3 kg/m 2 in whites corresponding to a mean BF% of 36 and 30, respectively. A comparison of BF% obtained in the present study with BF% ranges obtained by Gallagher et al. [26] for other ethnic groups shows that Asian Indians have higher BF% compared to other ethnic groups at BMI of 25 and 30 kg/m 2 .
Along with the diagnosis of generalized obesity, it is also important to determine the central obesity as abdominal fat mass can vary in any individual for the same BMI and total body fat. [11] Among the measures of central obesity, WC and WC/ht ratio showed a higher PPV compared to WHR. Using a BMI cut of 23 kg/m 2 , the WC of 72.4 cm gave a sensitivity and specificity of 93.1% and 87.2%, respectively. Misra, et al., in their study in women >18 years, [27] obtained a WC cutoff of 72 cm at BMI of 23 kg/m 2 as the reference having similar sensitivity (95.8%) but lower specificity (61.6%).
The WC/ht ratio is a simple index, which has recently gained importance because of its better predictions of CHD risk factors than BMI or WHR. [14] Westphal, et al. [28] showed that correlation between WC/Height ratio and BF% was higher than that between WC and BF%. The advantage with the use of WC/ht ratio over WHR is that in WC/ht ratio, WC reflects abdominal obesity and height being constant in adults can be used to compensate for variations in frame size. In WHR, there are two variables involved. A small or large hip circumference may result in false interpretation of the WHR. [29] The use of WC/ht ratio would also enable establishing similar cutoffs for diagnosing central obesity amongst all ethnic groups of people, enabling comparison across different populations.
The limitations of the present study included, small sample size and a narrow age range to cover all young adults. Detailed body fat distribution data would have given better risk prediction to correlate with FFMI/FMI cutoffs.
In conclusion, the present study showed that FMI is a better predictor of generalized obesity compared to BMI and BF%. For diagnosis of central obesity in Indian women, WHR should be used with caution. Future research is needed in this area for assessing the association of the novel measures of obesity with morbidity and mortality in the Asian Indian population, using sophisticated techniques of measurement of body fatness.
